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Four analytical methods were assessed and toured for development of quick test meth-
ods that would be used later to analyze textile chemicals. The selected chemicals of in-
terest on this thesis were Azo dyes, Biocides, Phthalates, PVC and Formaldehyde. High 
Performance Liquid Chromatography (HPLC) was one of the methods that were as-
sessed. HPLC was used to analyze all of the four compounds; namely, Formaldehyde 
used to enhance wrinkles in clothes and textiles, Biocides applied on textiles for protec-
tion mainly from insects during storage and transport, Azo dyes and Phthalates are used 
for dyeing clothes and soften PVC respectively.  The second method assessed in this 
thesis was Gas Chromatography-Mass Spectrometry (GC-MS), which widely used for 
the analysis of the selected four compounds. The rest two methods; Colorimetry and 
Spectrophotometry were also assessed thoroughly.  
 
For all the four groups of chemicals at least one method from each four chemical analy-
sis methods were selected and proposed for further development. These methods were 
tested in different private and public laboratories, governmental facilities etc. HPLC 
method was widely discussed since it one of the most common methods that are being 
used for analysis of textile dyes and chemicals that are added during textile productions 
or storages. The simplest methods of all were Colorimetry; however we found few se-
lected chemicals that could be analyzed by it. In some cases when the chemicals were 
hard to detect two or three methods were used simultaneously in order to achieve best 
results. GC-MS technique combined chromatographic and spectral methods to separate 
components in a mixture and to characterize each component individually. 
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ABBREVIATIONS AND TERMS   
 
PVC- Polyvinyl chloride 
DEHP- Bis (2-ethylhexyl)  
BBP- Phthalate Benzylbutylphthalate   
DBP- Dibutyl phthalate  
DIBP-Diisobutyl Phthalate 
EPA- US Environmental Protection Agency 
PUR- Polyurethane  
PPM- part-per-million  
GAO- US Government Accountability Office 
ECHA-The European Chemicals Agency 
EU- The European Union  
IARC-The United Nations International Agency for Research on Cancer  
COD-Chemical Oxygen Demand  
BOD- Biochemical Oxygen Demand. 
HPLC- High Performance Liquid Chromatography 
GCMS- Gas chromatography–mass spectrometry 
LC-Liquid chromatography  
GC- Gas chromatography  
RT-The retention time  
M/Z-Mass to Charge ratio  
BS- British Standard  
UHPLC-Ultra High Performance Liquid Chromatography  
DNPH- 2, 4-Dinitrophenylhydrazine 
PPB- One part per billion   
UV-Ultra Violet 
CPSC- United States Consumer Product Safety Commission 
DNOP-Di-n-octylphthalate  
CPSC-Consumer Product Safety Commission 
DAD- Duplicate Address Detection method 
PFBHA-Pentafluorobenzyl hydroxylamine  
ECD-Electron Capture Detector 
NOISH-National Institute of Occupational Safety and Health 
LOD-Limit of Detection  
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 LOQ-Limit of Quantification 
 NICNAS- National Industrial Chemicals Notification and Assessment Scheme 
 SRIF-   Society for Research on Identity Formation 
 BSI- British Standard Institute 
APCI -Atmospheric-Pressure Chemical Ionization   
 ASBR- Anaerobic Sequenced Batch Reactors   
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1 INTRODUCTION 
 
 
Textile chemicals 
 
Textiles from the earliest period were threads looped and knotted together to make nets 
this was called thread work and examples of it have been found among the relics of an-
cient peoples in Africa and Peru. Evidence of weaving textiles has been found from the 
Neolithic period (about 5000 BC). The Ancient Egyptians used cotton, wool, silk and 
flax fibers to make textiles and in 3000 BC cotton was being used in India and silk in 
China. 
 
Since antiquity people used chemicals to enhance textiles colours, moreover they used 
dyes for the purpose of decorating which has significant role in society. Animal skins 
were wore directly or processed with natural chemicals in the early days in order to pro-
tect the early man from heat, cold and rain.  
 
Textiles when it defined by archaeologists, it includes mean woven cloth, bags, nets, 
basketry, string-making, cord impressions in pots, sandals or other objects created out of 
organic fibers. According to main stream archaeology the oldest textile found in 
Dzudzuana Cave in the former Soviet state of Georgia. It dated back to between 30,000-
36,000 years ago (Hirst, 2013).   
 
In 1856 the first synthetic dyestuff from chemical derived from coal tar was discovered 
by English chemist William H. Perkin. He was trying to synthesize quinine, a substance 
used to treat malaria; however he found out that he created purple dye, which gave a 
name mauveine (Mauve, 2000). From that on synthetic dyes started to be commercial-
ized in large amount which was supported by the industrial revolutions in Europe and 
elsewhere. 
 
1.1 Textile dyes  
 
Dyes that are used by textile industry are now mostly synthetic. There are different 
sources but they are mostly derived from two sources, coal tar and petroleum based in-
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termediaries. Over 10,000 different types of dyes and pigments have been used in textile 
industries and 7x105 tons of synthetic dyes are produced annually worldwide.  
(Lewinsky, 2006). 
 
1.1.1 Azo dyes   
  
60-80% of all dyes are azo compounds. Azo group contains compounds that contain 
two aromatic fragments connected by an -N=N- double bond. Their usages extend from    
textile, cosmetics, and plastic, food, oil to leather and paper industries.  Azo dyes that 
are widely used in industries have classified as Acid dyes, Basic dyes, Direct dyes, Dis-
perse dyes, Mordant dyes, Reactive dyes and Solvent dyes. The Acid, Basic, Direct and 
Reactive azo dyes are ionic dyes (Püntener and Page, 2004). 
  
1.1.2 Phthalates and PVC   
 
Flexible PVC’s (Polyvinyl chloride) is widely used in the production of floor coverings, 
cables, tarpaulins, car seats, dashboards, sun visors, clothing and tapes.  Since PVC is 
highly and can be produced at relatively low costs, was largely produced world-wide. 
Naturally PVC is a hard polymer; therefore it is necessary to add a softening agent to 
obtain a flexible PVC product, therefore phthalates are being used in over 85% of all 
flexible PVC’s. Phthalates (four classified phthalates, Bis (2-ethylhexyl) phthalate 
(DEHP), Benzylbutylphthalate (BBP), Dibutyl phthalate (DBP), and Diisobutyl 
Phthalate (DIBP)) are a group of chemicals used as plasticizers, which provide flexibil-
ity and durability to plastics such as polyvinyl chloride (PVC). Phthalates are dialkyl or 
alkyl aryl esters of 1, 2-benzenedicarboxylic acid. Phthalates in pure form are usually 
clear liquids, some with faint sweet odors and some with faint yellow color (U.S. EPA, 
2006-2007).   
 
1.1.3 Biocides 
 
Biocides in textiles are used to prevent deterioration by insects, fungi algae and micro-
organisms and to assure the hygienic requirements for specific applications. Biocides 
added to a wide range of textiles in order to increase storage stability. Natural fibers are 
more affected by deterioration than the synthetics ones, because of that Biocides are 
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more used in natural fibers, with the exception of two polymers, PVC and Polyurethane 
(PUR) (Lacasse and Bauman, 2004). 
 
1.1.4 Formaldehyde 
 
Formaldehyde is considered to be one of the most produced chemicals in the world. It 
has multi-purpose, to mention few; it can be used as disinfectants to kill bacteria and 
fungi in clothing and textiles industries, applied to make brakes in automobiles, phar-
maceutical testing of drugs  and in furniture industries. Textiles which are made of cot-
ton often produce wrinkles; in such cases Formaldehyde can be applied to enhance the 
fabrics wrinkles. It has the formula CH2O and this makes formaldehyde to be the sim-
plest aldehyde. According to U.S. Government accountability Office (GAO) only in 
2005, the production of formaldehyde was roughly to be 8.7 million tons (GAO, 2010).  
 
In Finland, for any kind of textiles that are having direct contact with skin, the Formal-
dehyde content should not be greater than 100 part-per-million (ppm) and for children 
under 2 years old, it should not be greater than 30 ppm (Policy Research Center for En-
vironment and Economy,1999). 
  
Formaldehyde is released during “finishing” (the process of converting the woven or 
knitted cloth into usable material), such as those line produced in the fabrics during 
folding or pressing when the garment is new. Formaldehyde is water soluble and wash-
ing produced clothes before wearing it would minimize the release of formaldehyde 
from the new fabrics (NICNAS, 2013).    
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2. Legislation on banned Textile Chemicals in EU 
  
 
ECHA, also known as The European Chemicals Agency has insisted chemicals that are 
harmful to the environment and human health have to be first processed under new au-
thorization that ECHA state members adopted.  In EU, there are three chemicals, name-
ly DBP, DEHP and BBP, phthalates used as plastic softeners, are banned in childcare 
articles and toys. Any medical devices which contain DEHP have to process through 
European Medical Devices Directive. The four Phthalates mentioned above, were able 
to study their effects on male reproductive systems and it was found out that they have 
positive effects and with which the study concluded that we should minimize their ex-
posures and advised to reduce especially to pregnant women.  Bis (2-ethylhexyl) 
phthalate - DEHP (Toxic to reproduction), a plasticizer which has extensive range usage 
in   Poly Vinyl Chloride (PVC).   They are used as polymers in flooring and roofing 
materials, to coat different fabrics, in medical devices mainly in packing medical prod-
ucts and to prepare sealants and inks. Benzylbutylphthalate - BBP (Toxic to reproduc-
tion), a plasticizer which is acted as polymer in PVC for flooring, coating in textile and 
leather industries, to prepare sealants,   inks and adhesives, Dibutylphthalate - DBP 
(Toxic to reproduction), a widely applied plasticizer which is used as polymer 
(PVC/non-PVC) applications such as floor covering or in medical devices mainly in 
packing medical products, and to prepare adhesives and paints which are banned by the 
directive (EU chemical policy,2009). 
 
The European Union (EU) has decided in 2003 that the legislation regarding Azo dyes 
in consumer goods has to be enacted. According to the legislation, substances that are 
used for preparations of Azo colorants, those Azo dyes, which can break down under 
reductive conditions to release any of a group of aromatic amines that are in table 1, are 
prohibited from being used in consumer goods which are considered to have regular 
skin contact (Püntener and Page, 2004). 
 
Azo dyes derived from Benzidine, which are widely used by dye manufacturing, color 
paper printing and textile dyeing industries are considered as carcinogen; exposures to 
these chemicals are associated with bladder cancer (Golka et al., 2004).  
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TABLE. 1 List of aromatic amines that are prohibited to the EU Directive 2002/61/EC 
No Substance CAS number 
1 4-aminodiphenyl  92-67-1 
2 Benzidine  92-87-5 
3 4-chloro-o-toluidine  95-69-2 
4 2-naphthylamine  91-59-8 
5 4-amino-2',3-dimethylazobenzene  97-56-3 
6 2-amino-4-nitrotoluene  99-55-8 
7 4-chloroaniline  106-47-8 
8 2,4-diaminoanisole  615-05-4 
9 4,4'-diaminodiphenylmethane  101-77-9 
10 3,3'-dichlorobenzidine  91-94-1 
11 3,3'-dimethoxybenzidine  119-90-4 
12 3,3'-dimethylbenzidine  119-93-7 
13 3,3'-dimethyl-4,4'diaminodiphenylmethane  838-88-0 
14 4-cresidine  120-71-8 
15 4,4'-methylene-bis-(2-chloroaniline)  101-14-4 
16 4,4'-oxydianiline  101-80-4 
17 4,4'-thiodianiline  139-65-1 
18 2-aminotoluene  95-53-4 
19 2,4-diaminotoluene  95-80-7 
20 2,4,5-trimethylaniline  137-17-7 
21 2-methoxyaniline  90-04-0 
22 4-aminoazobenzene  60-09-3 
 
Formaldehyde in the final product of any textiles that are marketed in EU that is either 
free or partly hydrolysable, shall not exceed 70 ppm for products that come into direct 
contact with the skin and 300 ppm for all other products( Local Governments for Sus-
tainability, 2008). When formaldehyde presents in high level in a product, it can cause 
adverse health effects such as irritation in sensory organs, allergies in skins and difficul-
ties in breathing processes. Furthermore according to The United Nations International 
Agency for Research on Cancer (IARC), there is a risk of cancer when prolonged expo-
sure with high levels of formaldehyde (IARC monographs on the evaluation of carcino-
genic risk to humans, 2006). 
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In textile industry there are high amounts of processed water that is highly pollutant if 
discharged into environment as it might happen especially in the developing countries 
where nowadays most of the textiles are produced. Often the discharge contains high 
COD and BOD concentration, high temperature, high PH, solid materials, phenol, sul-
phur and the colors caused by different dyes and other high-degradation material. In 
China, annually about 70 billion tons of wastewater from textile and dyeing industry are 
produced and requires proper treatment before being released into the environment (Lui 
et al., 2011).  
 
Biocides carry potential health hazards in human and in the ecosystem. Studies was 
made by Swedish Chemical Agency (KEMI) showed that biocides silver, triclosan , and 
trichlorocarbon were washed away easily, it reached more than 50% and sometimes up 
to 100% after being washed ten times. According to the studies there are environmental 
risks for soils and sediments because of the release of biocides silver (colloidal salts or 
nano-compounds). It promotes the development of resistance on bacteria´s and could 
lead into creating antibiotic resistance bacteria´s and these antibiotic bacteria’s could be 
dangerous to human health (EU Ecolabel on Textiles and Bed Mattresses, 2013).   
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3 Aim of the work 
 
 
The objectives of this work is to check the literature and collect the analytical methods 
applied in analysis of chemicals or groups of chemicals that are used in textile industry, 
namely Azo dyes, Formaldehyde, PVC and phthalates and Biocides. These results could 
later help in developing quick tests for analyzing harmful textile chemicals.  A special 
emphasis was on HPLC, GC-MS or spectrophotometric methods. 
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4 General description of Analytical Methods   
 
 
The methods that are used for analysis of textile chemicals can be grouped as Colori-
metric, Spectrophotometry, GC-MS and HPLC. 
 
4.1  High Performance Liquid Chromatography (HPLC) Analysis   
 
 
Figure 1: High-performance liquid chromatography (HPLC) with mass spectrometer. 
 
It works by applying high pressure and force to move solvent through closed columns 
which contain fine particles that brings at the end high-resolution separations. The fig-
ure 1 contains auto sampler, a solvent delivery system, a sample injection valve a, high-
pressure chromatography column, and mass spectrometer. And many other types of 
detectors can be solvent reservoirs and computer for controlling the hardware system 
and displaying the findings (Harris, 2010). 
 
Chromatography can be defined as a process that involves separation of molecules us-
ing partitioning characteristics of molecule to remain in a stationary phase versus a mo-
bile phase. After the desired molecule is separated from the mixture, it advances to the 
next process that is isolation and quantification. Chromatography uses methods like 
liquid-liquid partition, liquid-solid adsorption, ion-exchange, molecular exclusion, hy-
drophobic interaction and affinity. When it comes to gas chromatography it is preferable 
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than liquid chromatography since it is has cheaper price and generates less waste. For 
compounds that are not volatile liquid chromatography is advisable (Harris, 2010). 
 
 
 Figure 2: HPLC Chromatogram  
 (http://commons.wikimedia.org/wiki/File:Hplc-perfume-chromatogram.png) 
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4.2   Gas chromatography–mass spectrometry (GC-MS) Analysis 
 
 
Figure 3: Gas Chromatography-mass Spectroscopy (GC-MS)  
(Ludwig Gruber, CC By http://upload.wikimedia.org/wikipedia/commons/a/af/GC-MS-
Kopplung_mit_Ionenfallen-MS.png) 
 
Gas chromatography-mass spectroscopy is hyphenated analytical techniques (Hyphen-
ated Techniques combine chromatographic and spectral methods). Two techniques 
combined to analyse different chemical mixtures.  For the separation of the components 
in the mixtures it applies Gas chromatography and each component characterizes indi-
vidually by mass spectroscopy so that this process can evaluate a solution quantitatively 
and qualitatively effectively. The uses for GC-MS are extending from medical, pharma-
cological to environmental fields (SRIF, 1998).  
 
In Gas Chromatography mainly is used to separate mixtures of chemicals into individu-
al components in order to be evaluated individually. In all chromatography namely Gas 
and Liquid chromatography first a sample mixture is injected into a mobile phase. The 
mobile phase is a solvent in case of in Liquid chromatography (LC) and In Gas chroma-
tography (GC); the mobile phase is an inert gas (SRIF, 1998).  
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A sample mixture is carried by mobile phase to a stationary phase. The stationary phase 
is a chemical that put to selectively attract components in a given mixture. It has a tube 
and known as column which can be a glass or stainless steel of with different dimen-
sions.  
 
The compound in the mixture that is in a mobile phase interacts with the stationary 
phase. The compounds interact at a different rate.  The faster compounds that interact 
are the first to exit the column and vice versa. To separate different mixtures of chemi-
cals one can able to separate by changing characteristics of the mobile phase and the 
stationary phase.  If further refinements needed changing the temperature and pressure 
could help to achieve the needed results.  
 
Once the compounds are separated, they exit from the column and enter a detector.  
Electronic signal is created by detector whenever there is presence in a compound. The 
signal is greater when there are high concentrations in the sample and a computer will 
analyse the signal. The retention time (RT) is from time when the injection is made 
(time zero) to elution or exit occurs.    
 
 
Figure 4: Chromatogram generated by a GC (Joanna Kośmider, CC By 
http://commons.wikimedia.org/wiki/File:Chromatogram_KF.png). 
18 
 
 As figure 4 shows, with the help of the signal, the computer is able to produce a graph 
and this is known as chromatogram. The pick represents the signal which created in 
time of exits (elutes) from a compound and such phenomenon happens when the signal 
that are created leaves from the GC column into the detector (SRIF, 1998). 
 
Those individual compounds elute or exit from the GC column; they enter into the elec-
tron ionization or mass spectroscopy detector. This process occurs since they are needed 
to be bombarded with a stream of electrons that helps to break them apart into frag-
ments. These fragments they can be big or small and during the bombardment they will 
be charged ions with a certain mass. Fragments with mass which is divided by the 
charge is known as mass to charge ratio (M/Z) and  most fragments have a charge of +1 
and this put the M/Z to  represents the molecular weight of the fragment. 
 
In Mass Spectroscopy, Those individual compounds elute or exit from the GC column; 
they enter into the electron ionization or mass spectroscopy detector. This process oc-
curs since there should be bombardment with electrons in order to change into frag-
ments. These fragments they can be big or small and during the bombardment they will 
be charged ions with a certain mass. M/Z (mass to charge ratio) represents mass of the 
fragments is divided by the charge and most fragments have a charge of +1 and this put 
the M/Z to represents the molecular weight of the fragment. 
 
 
Figure 5: Mass-spectrum generated by an MS (KeyboardSpellbounder CC By 
http://commons.wikimedia.org/wiki/File:Difenossi_etano_spectrum_mass.png). 
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As Figure 5 illustrates, the M/Z ratios are represented by the x-axis and the y-axis is 
signal intensity or abundance for individual fragments that are detected during the scan.  
Analytical tool that is Chromatography-Mass Spectroscopy is created when Gas Chro-
matography (GC) and Mass Spectrometry (MS) is combined so that it can be used to 
analyze different chemicals (SRIF, 1998).   
 
4.3 Spectrophotometry   
 
Figure 6: Principles of spectrophotometry (YassineMrabet.CC By 
http://commons.wikimedia.org/wiki/File:Spetrophotometer-en.svg). 
 
The spectrophotometry is a process that measures the amount of light of a specified 
wavelength when it passes through a given medium. Beer's law states that, the light that 
is absorbed by a medium is proportional to the concentration of the absorbing material. 
The spectrophotometer allows certain wavelength pass through the solution.    
 
The two instruments in spectrometer are spectrometer and photometer. The former is 
used to generate light of selected wavelength or often light and the latter measures the 
light intensity. Between the beam of the photometer and the spectrometer the liquid is 
placed by using a cuvette. The photometer measure the light that passes through the 
tube which transport a voltage signal to instrument that detect the electric current ( gal-
vanometer). The change of signal occurs when the light that is absorbed by the liquid is 
able to change (Caprette, 2012).   
20 
 
As beer´s law states, when light which has a unique wavelength is passes through a so-
lution, one can get a relationship that is quantitative between concentration of a solute 
that is given and the light with specific transmitted intensity,    
 
I= I0× 10−𝑘𝑐𝑙 
I0 is known as intensity of transmitted light I, represents intensity of the transmitted 
light when there is an addition of compound that has color c, represents concentration      
due to addition of colored compound l, is the distance the light passes through the solu-
tion, and k is a constant. When light path l is a constant, as is the case with a spectro-
photometer, as Beer's law becomes;  
 I
I0
= 10−kl = T , Where k is a new constant and T is the transmittance of the solution. 
 There is a logarithmic relationship between transmittance and the concentration of the 
colored compound. −logT = log 1
T
= KC = Optical Density. 
 
 Spectrophotometers consist of a scale with O.D. (absorbance) units and in % transmit-
tance. (Harris, 2010).   
 
4.4 Colorimetry  
 
 
 Figure 7: Process of Colorimetry 
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Colorimetry can be defined as the measurement of color. A colorimetric involves add-
ing some type of chemical or reagent to a sample of water. The reagent reacts with the 
substance that we would like to measure that later brings a color change in the sample.  
In some circumstance color change is visible to our eyes, but having colorimeter helps 
to make a precise measurement of the degree of color change. 
 
To analyse formaldehyde in sample textile, material is immersed for four hours in aque-
ous sulfuric acid. After filtration, an aliquot of the filtrate is treated with chromotropic 
acid and concentrated sulfuric acid and heated in a water bath for 30 min to produce a 
deep red-violet color (BSI, 2002). 
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5 Methods Applied In Textile Analysis 
 
 
5.1 Azo-dyes 
  
HPLC is the new version of traditional Liquid Chromatography and provides enhanced 
separations during shorter periods of time, utilizing very small particles, small column 
diameters, and very high fluid pressures. Aromatic amines derived from Azo dyes are 
currently classified as carcinogenic or potentially carcinogenic to humans (listed in Ta-
ble 1), Preparing their samples and their analysis, needs large amount of time and labor. 
 
To determine Azo dyes, there are chemically reduced into amines and theses amines are 
further analyzed by HPLC or LC/MS (Liquid Chromatography-Mass Spectroscopy) 
analysis. When these derived amines area at low levels, the best technique for their de-
termination is LC/MS. Comparing HPLC, low cost of purchase and operation is one 
advantage and this could be one of many reasons to see it more than LC/MS in Labs 
(Vanhoenacker et al., 2011).    
    
According to EU Directive on banned Azo dyes, Harmonized testing methods are rec-
ommended to avoid false results. Identification of amines must involve at least two dif-
ferent chromatographic separation methods. For quantification of the amines, high per-
formance liquid chromatograph with UV detector,   HPLC / DAD procedure is advisa-
ble (Püntener and Page, 2004). 
 
In a study done by Piccinini, et al. (2008) two standard methods used for measurement 
of aromatic amines were compared: EN 14362-1 and EN 14362-2. A total of 116 sam-
ples were analyzed with standard method EN 14362-1   and 72 with standard method 
EN 14362-2. The results obtained were compared and the authors reached a conclusion 
that method EN 14362-1 should be used for determination of lower concentrations of 
aromatic amines. They continued using the analysis to estimate the dermal exposure of 
an adult and a child. A 4.4 and 11.8 mg/kg body weight for an adult and a child were 
the maximum estimated dermal uptakes by using EN 14362-2 method. The maximum 
estimated dermal uptakes calculated based on data obtained with the standard method 
EN 14362-1 were 3.1 and 8.2 mg/kg body weight for an adult and a child respectively. 
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A reverse-phase high-performance liquid chromatography with diode-array detection 
method was utilized for the identification of different types of dyes in the wool samples 
and the plant extracts. Wool fiber samples were mordanted by means of 25% alum mor-
dant solution. The mordanted wool samples were dyed in 50% Reseda luteola L. (weld), 
20% Rhamnus petiolaris Boiss (buckthorn) and 50% Datisca cannabina L. (bastard 
hemp) dyebaths. The extraction of dyes was carried out with a hydrogen chloride ⁄ 
methanol ⁄ water (2:1:1; v ⁄ v ⁄ v) mixture (Deveoglu et al., 2012). 
 
RESTEK company analysed Azo dyes from cotton material by taking 1g of material 
and solvated it in 17mL of 60mM, with pH 6 of sodium citrate, buffered it at 70°C for 
30 minutes, by adding 3mL of 20% Sodium dithionite to the sample and heating it at 
70°C for 30 minutes in order to chemically reduce the Azo dyes into aryl amines. After-
wards, sample was extracted either by solid phase extraction or liquid/liquid extraction; 
the extracts are then dissolved in 1mL of methanol for GC analysis. 
 
Directive 2002/61/EC states, Azo dyes which contain one or more Azo groups, may re-
lease one or more of the aromatic amines listed in TABLE 1 with respect to these anal-
yses.  Detectable concentration, i.e. above 30 mg/kg in the finished products or in the 
dyed parts may come into direct and prolonged contact with the human skin or oral cav-
ity. Therefore these dyes are banned and Standard methods are available for their de-
terminations. By using GC-MS of 22 aromatic amines on (21 of them are identified as 
carcinogenic listed in TABLE.1) can be measured by standard methods EN 14362-1 and 
EN 14362-2.  (Piccinini et al., 2008).   
 
Method EN 14362-2 is effective when synthetic fiber samples analysed. There is extrac-
tion of dyes involved in the process with a sample material 1.0 g with solvent under 
reflux. In order to extract the sample it is important to suspend the sample applying 
principle of headspace extractor in which the vapours from the solvent able to extract it. 
Methanol and the extract are transferred into a buffer solution of aqueous citrate for 
treatment and there is an ultrasonic bath estimated for 30 min at temperature of 70 °C 
which is applied to disperse the dyes. The reductive cleavage of azo groups is per-
formed in the presence of aqueous sodium dithionite solution at 70 °C for 30 min with-
out ultrasonic action. In order to loose heat the solution undergoes a change of tempera-
ture (into room temperature) and after the cooling processes, transferring of the solution 
to t-butyl methyl ether by applying liquid-liquid extraction method is occurred, for such 
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process diatomaceous earth columns is used.  There is a concentrated extract after the 
above processes and at last the residue up to 2ml will be taken with proper solvent like 
me-thylterbutylether and GC-MS analysis follows. (Piccinini et al., 2008).   
 
When it comes to method EN 14362-1, it is quite similar to   EN 14362-2, except that 
Azo dyes in this case did not involve extraction. Textiles that contain Azo dyes which 
are made of protein and cellulose fibers like viscose, cotton, wool and silk are possible 
to reducing agents without applying extraction method (Piccinini et al., 2008). 
 
Wastewater from textile industries was analyzed by using HPLC which equipped with 
electrochemical detection (ED) to determine 3, 3-dichlorobenzidine, benzidine, 3, 3- 
dimethylbenzidine and o-toluidine (Mazzo et al., 2006).  
 
One study used a method to remove one of the most used azo dyes (Orange II) from 
effluent of textile industry by applying bovine serum albumin (BSA) as sorbent (Ohashi 
et al., 2012). 
 
P. Sutthivaiyakit et al. (2004) by applying HPLC combined with tandem MS and at-
mospheric-pressure chemical ionization (APCI). 
 
Azo dyes are generally difficult to biodegrade due to its complex structures. By using 
microorganisms such as Shewanella putrefaciens it was possible to biodegrade azo dyes 
from textile effluents (Caselatto et al., 2011). 
 
Because of low expense, often fungi are used for bioremediation of azo dyes. One study 
used white rot fungi (Pleurotus ostreatus) to analyze effluent from Textile industry 
(Zhao, 2004). 
 
Recently, biological process to analyze azo dyes found in the effluent from textile in-
dustries are considered to be inexpensive and environmentally friendly. Lei (2011) ana-
lyzed azo dyes rich wastewater by using anaerobic sequenced batch reactors (ASBR). 
One of azo compounds known commercially Methyl orange (MO) was used as model 
dye.  
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Microbes (bacteria, fungi, algae and actinomycetes) from marine environments have the 
ability of degrading azo dyes with the addition of enzymes for detoxification of azo 
dyes from wastewater. (Barakat, 2012). 
 
Azo dyes are the most common synthetic dyes applied in textile, food and cosmetics 
industries. By making the level of oxygen low and in anaerobic process, biological de-
colorization of azo dyes is performed. However, the process is resistant to some car-
cinogenic and mutagenic amines. Franciscon (2012) used Brevibacterium sp. strain VN-
15 in order to degrade of   sulfonated azo dyes in aerobic processes.   
 
 
5.2 Formaldehyde 
 
Voncina (2000), analyzed Formaldehyde by using HPLC and japan law 112 Varian and 
LiChrosorb RP-18 column with particle size 7 mm by using EN-ISO14184-standard 
method. The Formaldehyde was extracted from textile substrate with water at 40°C, 
filtered and then converted by using acetylacetone reagent to yellow colored compound, 
according to the reaction:  
  
     
Formaldehyde (Sun, 2002) was tested using DNPH (2, 4-Dinitrophenylhydrazine) as 
qualitative test, 0.4 ml of 0.1% 2, 4 -DNPH was added to 1ml of the diluted sample or 
standard solution and stirred for 60 sec. The solutions were left to react for 2 minutes at 
room temperature. 0.4 ml of 0.1M PBS (pH=6.8) and 0.7ml 1M NaOH were then added 
and final solutions was determined using the HPLC system. 
 
Two standard methods are available for measuring the release of Formaldehyde from 
textiles: the water extraction method (EN ISO 14184-1) and the vapor absorption Meth-
od (EN ISO 14184-2) (Piccinini et al., 2007).  
 
26 
 
EN ISO 14184-1 method involved extraction of 1.0g sample material by applying water 
into it with temperature of 40 °C for 1 hour and the water bath was oscillating.  Nash 
reactive or simply acetlacetone is used to treat the filtered extract. The extract reacts 
with formaldehyde and gives a compound that has yellow color which is called 3, 5-
diacetyl- 1, 4-dihydrolutidine.  In half an hour the color development is acquired and the 
reaction product has an absorbance which is measured at 412nm and by using external 
standards the quantification of formaldehyde is carried out.  
 
EN ISO 14184-2 method is when 1.0g of a weighed sample material is suspended over 
water in a jar which is sealed and vapor from formaldehyde is released and absorbed in 
water.  The sealed jar is heated using oven at 49°C for twenty hours and in the aqueous 
solution, the quantification of formaldehyde is carried out using a method called color-
imetric reaction with Nash reagent.   
 
Mostly HPLC are used to determine Formaldehyde after derivatization with 2, 4 dinitro-
phenylhydrazine (DNPH), which forms derivatives (it has an absorbance maximum at 
360 nm) with aldehydes and ketones. Since this method is sensitive (detection limit in 
water is approximately 6 ppb) and relatively specific, even if interference’s are reduced 
with the wave length mentioned, they are not totally eliminated, therefore GCMS are 
used as additional for perfect results. When the GCMS used, the derivative is extracted 
from aqueous solution using a solvent like toluene and so GC-MS allows for positive 
detection of formaldehyde-DNPH derivative (EXOVA, 2002).    
 
Chrastil and Reinhardt (1988) analyzed Formaldehyde by measuring 10 mg of sample 
with more than 2% CH2O content and 4ml of 0, 04% (w/v in 8% ethanol) indole-3-
acetic acid (IAA) and then 2ml of 90% (w/v in water) sulfuric acid, and solution was 
mixed and waited for 3h in room temperature and for dissolving the cloud that are made 
in the flask  5ml of methyl cyanide or acetone added and place in UV-vis-double –beam 
spectrophotometer.  
 
Formaldehyde is analyzed by British standard also,  sample of material is cut with the 
size of 8 mm by 8 mm, the specimen then transferred in to 150ml conical flask and with 
addition of 100ml of 6M sulfuric acid and mixed well, for the purpose of complete hy-
droly-sis 4 up to 20hours are set aside and by using glass sinter the solution filtered with 
the needed amount 5ml to 10ml. 1ml of aliquot transferred to boiling tube and 4ml of 
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6M sulfuric acid and 1ml of chromotropic acid is added respectively and the solution 
sup-ported vertically in the boiling bath for 30minutes. After the removal from boiling 
bath it allowed to cool down and transferred in to 50ml of volumetric flask and filled 
with distilled water and spectrophotometer is used to measure the absorbance at 570nm 
(BSI, 2002) . 
 
Table.2 Common methods of formaldehyde determination (Sun, 2002) 
Test Methods Detection 
Schiff's reagent method Samples added to several 
drops of pararosaniline 
specific for FA at 560nm 
combined with sulfite 
(Schiff's reagent ) for 
aldehyde detection 
Qualitative: rose- violet 
color 
drops of pararosaniline 
specific for FA at 560nm 
Chromotropic acid test Samples added to several   
drops of H2SO4 / Chro-
motropic  
acid solution in 1/4 mix-
ture ratio 
Qualitative: violet color 
Qualitative: the FA con-
tent is proportional to 
time to violet 
color appearance ( or  
compared 
with standard solutions) 
Acetylacetone method Samples reacts with rea-
gent  
containing acety-
lacetonein 60oC for 10 
minutes and read 
Qualitative: yellow color 
Qualitative: read 412 nm 
with spectrophotometer, 
stock solution comparison 
 
Derivatization with 2,4- 
Sample reacts with 2,4-
DNPH  Followed by 
HPLC  method   
Sample reacts with 2,4-
DNPH   form hydrazone 
which is then  analyzed 
with HPLC 
Qualitative: read with UV 
detector, the amount of 
FA is calculated from the 
calibration curve 
HPLC and post-column 
derivatization method 
After HPLC, the sample 
reacts  with derivatiza-
tion reagent   containing 
3,5-diacetyl- calculated 
from the calibration 
Qualitative: read with UV 
detector, the amount of 
FA is calculated from the 
calibration curve 
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1,4-dihydrolutidine. 
 
Numbers of methods are developed to measure Formaldehyde. In order to use HPLC for 
determination of formaldehyde, derivatization is necessary into 2,4-
dinitrophenylhydrazine (DNPH) which forms derivatives with aldehydes and ketones.   
 Even though the GC-MS method is less sensitive than HPLC method (detection limit 
approx. 1 ppm), it has advantage for the formaldehyde-DNPH derivative (EXOVA, 
2002).      
 
EPA Method 556 used to measure Formaldehyde and other aldehydes.  Pentafluoroben-
zyl hydroxylamine (PFBHA) is used to form oxime derivatives of the aldehydes in an 
aqueous solution at pH 4.   Derivatives then extracted into hexane and analyzed by GC-
ECD or GCMS.    ECD with detection limits (<1 ug/L for most compounds) and GCMS 
has better specificity with detection limits (~10 ug/L).  In such cases GCMS is used for 
better result (EXOVA, 2002).     
  
NIOSH Method 2016 is one of the effective ways for determination Formaldehyde for 
both short term exposure limits and Time weighted limits exposures that applies High-
performance liquid chromatography - ultraviolet detector (HPLC-UV) method (SKC 
Inc. 2011). 
 
Comparing the standard test method, Japan Law112 for analyzing Formaldehyde, with 
the results obtained by HPLC method, the limit of detection (LOD) for Japan Law 112 
was 0.628 mg/l and the limit of quantification (LOQ) was 1.197 mg/l.  The limit of de-
tection (LOD) for HPLC method was 0.0199 mg/l and the limit of quantification (LOQ) 
was 0.066 mg/l. So the result indicated that standard test method (Japan law 112) is 
more useful to indicate LOD and LOQ.     
 
According to Sun (Table. 2) chromotropic acid method is most, frequent, simple and 
quick method for clinical test. Chromotropic acid test is more easily performed but has a 
delay in the test results compared to the acetylacetone test which may provide the an-
swers on the first day of testing.    
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Piccinini, et.al (2008) analyzed 221 samples with standard method EN 14184-1 (water 
extraction) and 127 samples with standard method EN 14184-2 (vapor absorption. For 
high releases of formaldehyde (> 30 mg/kg) the EN- 14184-2 standard method   pre-
sents higher results than the EN- 14184-1 method.   
 
Spectrophotometric method is used for analysis of formaldehyde in fabrics using tryp-
tamine and a sulfuric acid acted as a medium.   
 
5.3 Phthalates 
 
Using HPLC, the United States Consumer Product Safety Commission (CPSC) ana-
lyzed Phthalates from consumer products by applying comminution. An amount of 0.05 
g of sample is prepared and collected in a glass vial and 5 ml of Tetrahydrofuran are 
added. The vial is shaken until the sample is dissolved what may take 30 min up to 2 h 
depending on the material. Polymers are precipitated using 10 ml of hexane or methanol 
in combination with cooling. When the polymers have settled, the solution is filtered 
through a 0.45 μm Polytetrafluoroethylene filter, evaporated and then diluted again with 
acetonitrile, after that the solution was analyzed (KNAUER, 2010). 
 
By using GC-MS, Phthalates can be analyzed by the methods called EPA Methods 525 
and 8270 (EXOVA, 2002). 
 
European committee for standardization (2009) analyzed 6 phthalates namely, DIDP 
DINP, DBP, BBP, Di-n-octylphthalate (DNOP) and DEHP using GC-MS methods. 
Having (2, 0 ± 0, 1) g of the 6 phthalates and putting them in a Soxhlet thimble and ex-
tracted every sample from it and 50 ml of n-hexane added into the flask then refluxed 
gently for 4 h, by Allowing sufficient time for the n-hexane (used as solvent) to cool 
down, the extract then trans-ferred to a 100 ml volumetric flask that was Rinsed with 2 
aliquots of 20 ml n-hexane. 
 
EU Directive 2005/84 and the US consumer product safety improvement Act, Section 
108 has Regulation on 6 phthalate esters: DBP, BBP, DEHP, Di-n-octylphthalate 
(DNOP), DINP and DIDP to be analyzed by method CPSC-CH-C1001-09.3 (Sakamoto 
et al., 2011).   
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Phthalates (DEHP) can be analyzed better by gas chromatography (GC, EPA Methods 
606 and 8060) or gas chromatography - mass spectrometry (GCMS, EPA Methods 525 
and 8270). GC-MS is the preferred analytical technique because of the added specificity 
of the mass spectrometer detector and the potential for interferences in complex samples 
(EXOVA).   
 
 The method CPSC-CH-C1001-09.3 implies several steps in the analysis :( first, to dis-
solve the toy sample totally in tetrahydrofuran, precipitate any PVC polymer with hex-
ane, filter and then dilute the solution with cyclohexane, and analyze by Gas Chroma-
tography-Mass Spectrometry).  However these methods require the use of hazardous ma-
terials. For the analysis of different kinds of amines from a range of consumer products, 
a GC/MS system is most suitable to achieve necessary detection levels.   
 
5.4 Biocides 
 
Biocides are used to protect deteriorations of textiles which produced by microorgan-
isms like fungi. It is a problem which makes textiles to rot during storage and transport. 
The best way to prevent microbial degeneration is to use synthetic materials that have 
natural ability to attack or to apply antimicrobial chemicals like biocides. In textile in-
dustries, biocides chemicals are usually included into finished textile product.  
 
Pedjie (2012), by using Ultra High Performance Liquid Chromatography (UHPLC) ana-
lyzed powerful biocide, namely methylisothiazoline and methylparaben.    
 
Concerning authorization, production and placement of biocides on the EU market the 
European commission adopted a regulation called (EC, 2009a) and will be forced into 
law by the year 2013 (Ferrario and Rabbit,2012).  
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6 Conclusion 
 
 
From antiquity to the present day textile fabrics are being part of human life. Different 
Cultures express themselves with their own textures and styles, Monarchs; famous peo-
ple determine their status by wearing different kinds of fabrics. Textiles are made of 
from synthetic and non-synthetic materials according to the needed purposes. During 
the making processes different chemicals are being added to alter the colors, the 
strength and to determine the characteristics of that particular textile.  Textile dyes such 
as AZO dyes are used for coloring, formaldehyde to protect clothes from wrinkles, bio-
cides to prevent the fabrics from insects and fungi during storage and phthalates are 
added to make PVC flexible. 
 
In this thesis, we collected some of the many analytical methods to analyze four chemi-
cals (Azo dyes, Biocides, Formaldehyde and Phthalates) that are used in textile indus-
tries. By using HPLC, GC-MS, Colorimetry and Spectrophotometer Chemical analysis 
methods it was possible to find about which methods suit for which textile chemicals.  
 
The following conclusions can be drawn from these analyses: 
 
HPLC is automated so that the results only take few minutes to produce.  The outcomes 
of the results have fine resolution, simple to read, and tests could be done repeatedly 
once it is adjusted. When a sample is non-volatile, it is more advantageous than GC-
MS. Other advantages of HPLC include, its sensitivity, it can detect samples ranging 
Nano gram (ng) to Fentogram (fg), its reproducibility (+/- 1 %), the columns can be 
used again without further adjustment or regeneration and it has high accuracy.         
 
Because of the high speed, it often shows low sensitivity to some chemicals. When two 
compounds analyzed at once (it is known as Coelution), it is difficult to get accurate 
results. To buy HPLC accessories that are needed for analyses is expensive and it needs 
a professional to operate it.  
 
GC-MS has shorter runtimes and the columns are cheaper to buy. It needs a consistent 
attention when injection is splitless. If a sample has volatile characteristics, using GC-
MS brings better results. It involves a retention time and mass spectrum (M/Z) to identi-
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fy samples, such testing gives an extra edge for correct results. Often it is considered to 
be “the gold standard” method in chemical analysis since it has few limitations. Howev-
er, when the GC part installs wrongly or if there are any shortcomings during separation 
of a specimen, the GC will be unable to feed the correct data to MS and such practice 
could lead to false results. 
 
To analyze Formaldehyde both HPLC and GC-MS are the primary choice with a slight 
advantage for GC-MS when there are DNPH derivatives of formaldehyde. HPLC with 
high UV detector are more preferable to analyze azo dyes (aromatic amines). Different 
phthalates were analyzed with the four methods described above, but GC-MS technique 
is more advantageous since it is equipped with spectrometer that can detect complex 
solutions. UHPLC was used to analyze biocides which is preferable than others due to 
its high ultra-performance. For biocides analysis, HPLC-Mass Spectrometry (MS) and 
HPLC-MS/MS is common at a time.         
  
Both Spectrophotometer and Colorimetric measure intensities of colors in a sample so-
lution by applying a light source to a given solution. Visible spectrophotometer is wide-
ly used for analysis of fabrics which contain formaldehyde and the catalytic-
spectrophotometric is used to analyze formaldehyde is cheap and convenient.   
 
Different Chemical analysis methods have been practiced to determine and identify 
chemicals in textiles. Methods like HPLC, GC-MS, Spectrophotometry and Colorimetry 
are among the many. As for HPLC, it is a method involves a process of passing a liquid 
sample over a solid to hold material in a column by applying a flow liquid solvent.  In 
GC-MS two methods are involved, gas chromatography and mass spectrometry in order 
to identify a test sample. Colorimetric method uses human eyes capability of color per-
ception which is quite similar method as Spectrophotometry except able to reduce spec-
tra to the physical detections of color perception.     
 
This essay discussed and assessed the analytical methods used for the analysis of the    
four groups of textile chemicals. In this work I assessed the mostly convenient methods 
to do analysis and also which methods would fit to which textile chemicals concerning 
time and resource. I was able to answer questions regarding textile chemicals concern-
ing their advantages and potential disadvantages to the environment. The banned chem-
icals in EU markets and some standard analysis methods that are being used in Europe-
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an Union were also discussed. Additionally, the legislations that are applying in the un-
ion regarding the general usage and disposal methods of these chemicals were also pre-
sented in this work.  
 
The research work needs to be done for years before reaching the needed outcomes. For 
example the researches on azo dyes analyses are done for over two centuries. The large 
amount of time of continuous research shows that the out coming analytical methods 
stand on the previous studies.   Present research will help to develop the future of chem-
ical analysis methods. 
 
This paper will help to develop analysis methods for future work. Many methods are 
discussed and analyzed in such a way to fit in the university labs standards. A number 
of lab works are being made at TAMK on chemical analysis which allows the develop-
ment of analytical chemistry. These lab works indicates a variety of research that should 
be done to make such analysis feasible. On such direction one could refer this work in 
order to investigate what are textiles dyes and how to analyze them that will allow stu-
dents, professors and scholars learn and solve problems regarding the matters. 
 
Finally, in terms of applications and referring of the work, there are plenty of possible 
areas in which it can be applied, from guidance of lab work to reference. My specific 
interest would be to use the thesis to learn more about analytical chemistry. 
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